The construction sector is under growing pressure to increase productivity and improve quality, most notably in reports by Latham (1994) and Egan (1998). A major problem for construction companies is the lack of project predictability. One method of increasing predictability and delivering increased customer value is through the systematic management of construction processes. However, the industry has no methodological mechanism to assess process capability and prioritise process improvements.
from to develop a construction specific framework. The CMM concepts are described in Sarshar (1998 Sarshar ( , 1999a . This paper introduces the SPICE concepts and framework, which are similar but not identical to CMM.
In the following sections the paper differentiates between mature and immature organisations, in terms of a systematic approach to business processes. It then describes the SPICE maturity model, which is an incremental model. SPICE helps immature organisations reach process maturity. The paper also differentiates between process and process capability. It introduces the concept of "process enablers" and discusses SPICE's assessment mechanism. Level 2 of the model is applied to two design and build projects. The case study results are discussed and analysed.
IMMATURE VERSUS MATURE CONSTRUCTION ORGANISATIONS
Setting sensible goals for process improvement requires an understanding of the difference between immature and mature organisations (Paulk 1995 , Zahran 1998 .
In an immature organisation, construction processes are generally improvised by practitioners and project managers during the course of the project. Even if a construction process has been specified, it is not rigorously followed or enforced. The immature organisation is reactionary, and managers are usually focused on fire fighting. In an immature organisation, there is no objective basis for judging product quality or for solving product or process problems. The product quality assurance is often curtailed or eliminated when projects fall behind schedule.
In an immature organisation, product quality is difficult to predict. Activities intended to enhance quality such as reviews are often curtailed. Many of the quality assurance activities are left until the "snagging" stage at the end of the project. At this point the problems can be too costly to rectify and lead to conflict of interest among the project team.
Even in undisciplined and immature organisations, individual projects sometimes produce excellent results (Humphrey 1989 ). When such projects succeed, it is generally through the heroic efforts of a dedicated team, rather than through repeating the systematic and proven methods of a mature organisation.
Conversely, a mature construction organisation possesses an organisation wide ability for managing design, construction and maintenance activities. The processes are accurately communicated to both existing staff and new employees, and activities are carried out according to the planned processes. The processes mandated are fit for use and consistent with the way the work gets done.
Roles and responsibilities within the defined processes are clear throughout the project and across the organisation. In mature organisations, managers monitor the quality of the products and client satisfaction. There is an objective, quantitative basis for judging product quality and analysing problems with the product and process, and a reflective element to the organisational culture. In general, a disciplined process is consistently followed because all of the participants understand the value of doing so, and the necessary infrastructure exists to support the process.
THE SPICE FRAMEWORK
Continuous process improvement is based on many small, evolutionary steps (Imai 86) . The SPICE framework organises these evolutionary steps into maturity levels that lay successive foundations for continuous process improvement. These maturity levels define a scale for measuring the maturity of a construction organisation's processes, and evaluating its process capability. They provide guidelines for prioritising process improvement efforts. (Paulk 1993 ).
A maturity level is a well
The SPICE maturity framework is depicted in figure 1. An assessment tool accompanies this framework. An organisation can only be at one level of maturity at any stage. Organisations conduct an assessment to establish which level of maturity they are at. Judging by the experience in the software industry, most companies are initially at level 1. They then need to focus on and implement all the key processes at the next level, i.e. level 2.
It is important to note that this framework is still under research. The initial concepts have been borrowed from CMM (Humphrey 1989 , Paulk 1995 , Zahran 1998 . The characteristics of levels 1 and 2 have been investigated within construction. However, the characteristics of levels 3, 4 and 5 are based on CMM thinking. These may change, as more empirical evidence gathers. The characteristics of each level of the framework follow:
Level 1-Initial
At this level, project visibility and predictability are poor. Good project practices are local and cannot be repeated across the company in an institutionalised fashion. Ineffective planning and co-ordination undermine good engineering practices. Organisations make commitments that staff or the supply chain cannot meet. This results in a series of crisis.
During crisis, projects typically abandon planned procedures. Time and costs are often under tight control in construction. Hence the crisis often leads to compromises on quality. Success depends entirely on having an exceptional manager and a competent team. When these managers leave, their stabilising influences leave with them. The construction process capability of level 1 organisations is unpredictable because the process is not specified and is constantly changed or modified as the work progresses. Performance depends on the capabilities of the individuals, rather than that of the organisation.
Level 2-Repeatable
At this level there is a degree of project predictability. Policies and procedures for managing the major project based processes are established. A major objective of level 2 is to focus on effective management processes within each construction project. This allows organisations to repeat the successful practices of earlier projects. An effective process can be characterised as practised, documented, enforced, trained, evaluated and able to improve.
At level 2, organisations make realistic commitments based on project requirements. Managers track quality and functionality as well as time and costs. Problems in meeting the commitments are identified as they arise. The integrity of the project requirements are maintained throughout the project.
Standards are defined and organisations ensure that they are faithfully followed. Projects work with sub-contractors to establish strong relationships.
To date the emphasis of the research has been the characteristics of this level.
Level 3-Defined
At level three both management and engineering activities are documented, standardised and integrated into the organisation. These standard processes are referenced throughout the organisation. All projects use approved, tailored versions of organisation's standard processes, which accounts for their unique characteristics.
Level 3 is where an organisation develops the capability to capture and share best practices, across the organisation rather than on a localised basis. This is a topical issue for the construction industry.
One implication of the SPICE model is that an organisation does not have the capability to capture best practices, until it reaches level 3. Attempts to do so will be risky and are likely to prove unsuccessful.
A well-defined process includes standard descriptions and models for performing the work, verification mechanisms (such as peer reviews) and completion criteria. Because the process is well defined, management has good insight into progress. Quality and functionality of all projects are well tracked.
Level 4-Managed
At this level organisations have the capability to set quality goals for (i) the product, (ii) the process, and (iii) the supply chain relationships. Productivity and quality are measured for important construction process activities across all projects as part of an organisational measurement program.
This forms an objective basis for measuring the product, the process, and the degree of customer satisfaction.
Projects gain control by narrowing the variations in their process performance, to fall within acceptable quantitative boundaries. Meaningful variations can be distinguished from random variations.
The risks involved in moving up the learning curve either due to undertaking new categories of projects, or engaging in new procurement and supplier chain arrangements can be managed.
Level 5-Optimised
At this stage the entire supply chain is focused on continuous process improvement. The organisations have the means to identify weaknesses and strengthen the processes pro-actively, in a collaborative manner. Data on the effectiveness of the processes is used to perform cost benefit analysis of new technologies and proposed changes to the organisation's processes. Innovations that exploit the best business management practices are identified and transferred throughout the organisations.
Project teams across the supply chain analyse defects to determine their causes. Construction processes are evaluated to prevent known types of defects from recurring, and lessons learned are communicated to other projects.
SCOPE OF SPICE
The CMM model has not specifically addressed the supply chain. In construction, it is difficult to scope improvement efforts without directly addressing supply chain issues. Another characteristic of the construction industry is that the process maturity may change, during the different stages of a project life cycle. SPICE attempts to address these construction characteristics. The current research has primarily focused on a single project phase in one organisation. The research will progressively expand to investigate the other life cycle and supply chain issues.
KEY PROCESSES; LEVEL 2
There are a number of "key processes" associated with each level of the SPICE model, in figure 1. To achieve each level of maturity an organisation must perform all these key processes adequately. Since the focus of SPICE has been level 2 of the framework, this section provides a short description of level 2 key processes. These key processes are based on CMM's key processes (Sarshar 1999 For an organisation to achieve level 2 of maturity, all projects must perform all these key processes adequately. This forms the basis for progression to level 3.
PROCESS ENABLERS
Anecdotal evidence during SPICE research highlights that if you ask project managers: "Do you implement level 2 key processes?", they are likely to give a positive response. On the other hand our current case studies indicate the contrary. How can project managers ensure that they are performing the key processes adequately?
Zahran (1998) differentiates between "incomplete processes" and "disciplined processes". He lists a number of characteristics for each category. Paulk (1995) also lists a number of "key management features" for a complete and coherent process. Based on these philosophies, SPICE has developed a number of "process enablers".
Process enablers focus on results, which can be expected to be achieved from a key process. This is a forward-looking approach, which indicates process capability before a process takes place. They provide detail of features, which a key process must posses in order to yield successful results.
Ensuring that all the process enablers are in place, improves the performance and predictability of key processes.
Process enablers are common across all the key processes. SPICE process enablers are listed below: § Commitment -This criterion ensures that the organisation takes action to ensure that the process is established and will endure. It typically involves establishing organisation policies. Some processes require organisational sponsors or leaders. Commitment to perform ensures that leadership positions are created and filled and the relevant organisational policy statements exist. § Ability -This describes the preconditions that must exist to implement the process competently. It normally involves adequate resourcing, appropriate organisational structure, and training. § Verification -This verifies that the activities are performed in compliance with the process that has been established. It emphasises the need for independent, external verification by management and quality assurance. § Evaluation -This describes the basic internal process evaluation and reviews that are necessary.
These internal evaluations are used to control and improve the processes. During the early stages of maturity, this translates into efforts by the team to improve their existing processes. § Activities -This describes the activities, roles and procedures necessary to implement processes. It typically involves establishing plans and procedures, performing the work, tracking it, and taking corrective action as necessary.
THE ASSESSMENT MECHANISM
The SPICE assessment mechanism ensures that each key process has reached capability by testing it against the above "process enablers". The assessment would generally comprise of three elements: a questionnaire; interviews of key personnel; a document review.
The assessment team, review the results to establish whether each key process is 'capable'. This process allows the assessment team to "hold a mirror in front of the project team". The findings are shared with the project team, who use these results to plan improvement activities.
The combination of these key processes viewed as a whole, will place the organisation at a level of process maturity in the model. An organisation can only be considered to be at a particular level in the model if all the key processes are deemed capable at that level.
RESEARCH METHODOLOGY
The research is carried out in close collaboration with industry. A core steering group of 8 practitioners and academics lead the research and findings are verified by continuous dissemination and exchange of ideas with industry representatives. The research is presented to a bi-annual 'panel of experts'
workshops, where between 20-30 senior academics and industrialists provide discussion, feedback and future directions.
The research approach can be classified as a 'testing-out research' due to the nature of theme. In this type of research, the aim is trying to find the limits of previously proposed generalisations (in the software sector) and, subsequently, specifying, modifying or clarifying their content (Starke 1995) . As a 'testing-out' research, it has to be carried out in 'real world' conditions where the kind of control present in a laboratory is not feasible and not even ethically justifiable. Thus, it was decided to adopt a case study research strategy, with multiple case study design.
Since the basic philosophies of SPICE were borrowed from the software industry, it is important to ensure that construction is not "shoehorned" into software concepts. The research team developed a set of success criteria for the SPICE concepts. The criteria was that the SPICE concepts and results would be meaningful and of value to the construction teams, as well as to construction academics and senior managers. At the end of each case study the SPICE results were shared with the project teams, to seek if the results added value and are were for initiating improvements. Once the teams had understood and agreed with the results, they are put to the panel of experts, to establish their validity with the academics and senior industrialists.
Several case studies were conducted in two companies: (i) a large contracting firm, and (ii) a small professional architectural practice. These case studies provide the facility to test the research proposals in a live project environment. Figure 2 shows the project's iterative approach and output.
It is generally acknowledged that there are large gaps between industrial perspectives and requirements, as opposed to the academic outlook (Brandon 1999) . SPICE has been reasonably successful in bridging some of the gaps. Some lessons learned from this collaborative approach are discussed in Sarshar (1999b) . In summary the construction professionals are comfortable with "hard" management, as opposed to "soft" research management. Any changes to original research project plans and re-thinking of concepts can be viewed by these professionals as poor project management, which disrupts their business. The industrialists are thirsty for quick business returns and are impatient with "thinking" phases of the project. It is important to manage the expectation of the industrialists, so that the researchers have room to explore, and at the same time the industrialists can expect some business benefits. Consequently, the research team developed an incremental hand over plan, from research concepts to commercial packages, which is shown in figure 4 . During the early stages of this plan (i.e. "academic concepts" in figure 4), the industrialists should expect re-thinking and reexamination of concepts. As these concepts take shape, the industrialists become more involved in the development of commercial packaging of concepts. The project management is "soft" in the early stages, and becomes increasingly "hard" as the concepts are handed over to industrialists.
The large contracting firm agreed in collaborating with the researchers, based on the plan in figure   4 . This plan was shared with the relevant practitioners and project managers, to set expectations.
CASE STUDIES
Level 1 is the entry level to SPICE. Level 1 has no key processes and organisations at this level have little process focus. Level 1 organisations must focus on implementing level 2 key processes. Hence the process capability of an organisation is assessed against the key processes of levels 2 and above. The researchers assessed two design and build projects against level 2 of the SPICE framework. Both projects were in their construction phase.
The objectives of the case study were to: -1) identify any process issues not addressed by the framework;
2) determine if the recommendations derived are meaningful;
3) to capture the experience of the project team; and 4) to test the effectiveness of the assessment mechanism.
The Assessment Process
The researchers introduced the model to senior project and contracts managers, in order to obtain their commitment. They then briefed the project teams and conducted an assessment of the projects. The project teams consisted of senior and middle managers, as well as practitioners representing all work functions within the project. The assessment included questionnaires, interviews and a limited document review. This approach is based on the CMM assessment approach (Zahran 1998).
The researchers analysed the data from the questionnaires, interviews and document reviews. A traceability matrix was used to assist the research team in the collation of data for each of the assessment tools employed, each finding being supported by multiple sources of data. For example, a single finding may be supported by responses given in interviews with various members of staff and from reviewing project documentation. By not relying on a single source of data, the likelihood of errors was reduced. To ensure confidentiality, a matrix format, similar to figures 4, was used to present an overview of the assessment results, therefore ensuring the findings cannot be attributed to a single employee. The x-axis lists the key processes at level 2, the y-axis lists the process enablers. A clear cell indicates a mature process capability, whilst a shaded cell highlights process weaknesses, hence opportunities for improvement.
The question marks on figure 4, show areas where inconclusive evidence was found during the assessment. In both case studies, the findings for 'Brief and Scope of Work Management' were inconclusive, as this process focuses on the capture and management of client requirements, a process that was performed in the pre-construction phase. The two case studies were undertaken too late in the project life cycle to investigate this process. This led to the research finding that, during the assessment of the construction phase of a project, the key process "Brief and Scope of Work Management" is irrelevant and should be omitted. This key process must be analysed during the briefing and design phases of a project.
The scope of the assessment did however include the management of changes to the brief, which is addressed by the key process area "Project Change Management".
The researchers shared each matrix results with the relevant project team to confirm that it was a true representation of the project. Based on this, the team could agree improvement priorities.
Case Study 1
This was a £6m project. The project was running behind schedule and profit expectation was poor.
However, it was viewed as a typical design and build project for the company. 12 project team members participated in the assessment process.
The researchers developed results using data from each stage of the assessment process (questionnaires, interviews and document reviews). The researchers highlighted strengths and weaknesses for each key process area. A summary of the results can be found in a matrix, as in figure   4 . The complete results were presented in detail to the project team, so that individual issues could be discussed and lead to improvement suggestions.
The assessment highlighted a number of strengths. A review of project documentation revealed that clear organisational directives and supporting procedures that provided guidance for performing many of the process areas defined within the SPICE model. In addition, the questionnaires and interviews confirmed that the project team contained many experienced and well-trained practitioners.
The capability of the project to plan the work, track performance and manage subcontractors was strong.
However, the assessment also found a number of important weaknesses. The interviews revealed many different perceptions about the project goals and critical success factors. Primarily this was due to poor communication between senior management and practitioners performing the work, an issue clearly highlighted by interviewing staff independently. This was resulting in confused priorities amongst staff.
Although procedures existed, awareness of them was poor. Many practitioners used their experience to improvise. Although such examples were sometimes effective, many of the procedures in use were not recorded, leading to problems when responsibilities were transferred to other members of staff. In particular there was no defined method for managing design changes. A new member of staff that was assigned responsibility for this role was inadequately equipped to carry out this function.
This was compounded by the absence of any training for this role.
Although quality assurance audits were performed, issues of non-compliance were not actioned or followed up. The value of quality assurance was not understood by some members of staff. The audits were ineffective at ensuring compliance with company procedures.
The interviews also revealed that many of the staff were aware of improvements that needed to be made. Although a mechanism for initiating change was available within the company procedures, it was not visible to the project team, or driven by senior management. The team therefore made no attempt to address problems.
All 12 members of the project team that participated in the case study attended a workshop to review the strengths and weaknesses identified in the assessment. Some of the findings were queried by individual members of the project team. Further discussions amongst the attendees confirmed that the results as they stood, were an accurate representation of the project's process capability. The results of the assessment provided a common and agreed basis from which to identify and plan improvements.
Due to the case study being performed near to project completion, it was too late to implement improvements on that particular project. However, the improvements have been taken on board at a regional level within the organisation and are to be implemented on future projects.
Case Study 2
This was a £55m P.F.I. (Private Finance Initiative) project. The project was one of the early P.F.I.
projects. The industry as a whole knew little about this procurement mechanism. At the start of the project, it was classified as a high-risk project and consequently, the contractor had utilised a highly experienced team of senior managers and practitioners. The project was running ahead of schedule and was perceived as a successful project. The SPICE assessment was conducted in a similar manner to case study 1. 15 project team members participated in the assessment, representing a cross section of staff including senior management and practitioners. The case study results were analysed and arranged in a matrix, as in figure 4.
This project was an example of good process practice. The assessment found that the team worked towards common goals. The goals were clearly established at project commencement and effectively communicated from senior management to all members of the project team. The project had tailored organisational procedures and standards to meet their specific requirements at the start of the project.
These documented processes were implemented and were the basis for all management processes.
A quality assurance audit schedule was used as a basis for verifying that procedures were complied. The value of this exercise was clearly understood by the majority of the project team.
Significantly, points of non-compliance were actively pursued by senior management and tracked until resolution.
The major shortcoming highlighted by the assessment was that the processes were not reviewed on a periodic basis by the project team, to identify potential improvements. Some managers took the view that a live project does not have the time and resources for improvement efforts. Senior management dismissed this view.
A project team workshop reviewed the results from the SPICE assessment. The project team agreed with the findings and suggested a number of improvements to address the weaknesses highlighted. The project team also saw value in the SPICE as a tool for capturing process strengths, and transferring that knowledge to future projects.
Organisation wide process improvement and good practice transfer is the focus of level 3 of the SPICE. This level has not been fully developed at this stage of the research.
As a consequence of this assessment, the company is investigating mechanisms for creating an infrastructure to capture and share good practice throughout the organisation.
Panel of Experts Opinion
The case study findings were put to an industry panel of experts. Around 20 senior industrialists and academics were represented on this panel. The panel found great potential value in the findings. The major recommendation of the panel was that SPICE should not be purely a diagnostic tool. The diagnostic matrix should be used to determine improvement priorities.
The senior project managers involved in SPICE recommend that SPICE should be used early, on all large contracts. The industrial (panel and project teams') verdict to date, is that SPICE is more useful to large projects, than to the small projects.
ANALYSIS OF FRAMEWORK

Benefits from using SPICE
The observed benefits of SPICE can be listed as: § SPICE creates a strong process focus within project teams. § The framework identifies process strengths as well as weaknesses. § During the construction phase, the key process "Brief & Scope of Work Management" has no specific meaning, as the brief has already been defined by this phase. The key process "Project Change Management" becomes important, during the construction phase. Hence in the future "Brief & Scope of Work Management" will be omitted from the SPICE questionnaire, during the construction phase.
Observations Relating to the Assessment Process
The case study assessments were conducted by both assessors independent to the company and by personnel from the company QA department. The case studies revealed that project staff were more comfortable discussing process management and cultural issues when only the independent assessors were present, hence more information was forthcoming. Interviews conducted with internal QA staff present yielded less productive interviews.
As mentioned previously, to date, the project managers see SPICE as more suitable for use with larger projects. SPICE concepts are applicable to small projects as well as large projects. This suggests that the current assessment process is too resource consuming for smaller projects.
Future case studies will examine how to reduce the cost and time of SPICE assessment, while maintaining its accuracy.
SUMMARY
This paper describes the concepts behind the SPICE project and explains its research methodology. SPICE intends to develop a stepwise process improvement methodology for the construction industry.
This will be based on tailoring an existing successful model in the software industry, namely the Capability Maturity Model (CMM). Due to complex supply chain arrangements in the construction industry, the usability, value and meaning of SPICE needs to be tested against various supply chain arrangements and procurement scenarios. This is shown in figure 2.
The research has conducted case studies on two design and build projects, in a single organisation, during one phase of the life cycle (i.e. construction). The projects were tested against level 2 of the framework.
The case studies have shown that SPICE: (i) creates process focus; (ii) is meaningful to project teams; (iii) is a good process diagnostics tool; (iv) has a short assessment process; and (v) highlights some cultural issues as well as process issues.
The recommendation for improvements to the framework are that: (i) the scope of SPICE needs to be extended so that it is a comprehensive improvement tool; (ii) terminology of the framework needs improvement; (iii) a key process "Health & Safety Management" must be added to level 2. (iv) the definition of some key processes need clarity.
The research will continue to examine the applicability of SPICE to other phases of the life cycle and also to supply chain issues. 
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